This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 


BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 


IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 


esp@cenet - Document Bibliography and Abstract 


Page 1 of 1 


Method for adjusting fuel injection quantity of electromagnetic fuel 
injector. 


Patent Number: 
Publication date: 
lnventor{s): 
Applicant(s):: 
Requested Patent: 

Application Number: 
Priority Number(s): 
IPC Classification: 
EC Classification: 
Equivalents: 


EP0301381 
1989-02-01 

OKADA TATSUO; SUMIYA SADAO; NAKANO MASAKIMI 
NIPPON DENSO CO (JP) 

□ EP0301381. Bl 

EP198801 11604 19880719 

JP1 98701 80062 19870721 

F02M51/06 ; F02M61/16 

F02M61/20B . F02M51/06B2E2A1 . F02M61/16H 

DE3864772D. □ US4840059 


Abstract 


A method for adjusting the fuel injection quantity of an electromagnetic fuel injector having a needle valve 
(8). an electromagnetic actuator (13) composed of a movable core (14) which moves with the needle valve 
(8) and a fixed iron core (15) for attracting the movable core (14) to move the needle valve (8) to its open 
position, an adjust pipe (19) inserted within a through hole (18) of the fixed iron core (15), and a spring (22) 
interposed between the adjust pipe (19) and the movable core (14) for continuously biasing the needle valve 
(8) to its closed position, has the steps of inserting the adjust pipe (19) into the through hole (18) of the fixed 
iron core (15) by a predetermined length and temporarily fixing the adjust pipe (19) to the fixed iron core (15) 
so as not be be moved by a force received from the spring (22) when the needle valve (8) is operated and 
so as to start moving when a force larger than the above described force of the spring (22) is applied, 
running in the injector for a predetermined period of time, finely adjusting the position of the adjust pipe (19) 
while checking the actual fuel injection quantity, and unmovably fixing the adjust pipe (19) to the fixed iron 
core (15) at such a position that the injector injects a desired injection quantity of fuel. 
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0 Method for adjusting fuel injection quantity of electromagnetic fuel injector. 


0 A method for adjusting the fuel Injection quantity 
of an electromagnetic fuel injector having a needle 
valve (8), an electromagnetic actuator (13) com* 
posed of a movable core (1 4) which moves with the 
needle valve (8) and a fixed iron core (15) for attract- 
ing the movable core (14) to move the needle valve 
(8) to its open position, an adjust pipe (19) inserted 
^within a through hole (18) of the fixed iron core (15), 
^and a spring (22) Interposed between the adjust pipe 
^(19) and the movable core (14) for continuously 
00 biasing the needle valve (8) to Its closed position, 
Whas the steps of Inserting the adjust pipe (19) into 
^the through hole (18) of the fixed Iron core (15) by a 
O predetermined length and temporarily fixing the ad- 
Wjust pipe (19) to the fixed iron core (15) so as not be 
Obe moved by a force received from the spring (22) 
l^when the needle valve (8) is operated and so as to 
^ start moving when a force larger than the above 
described force of the spring (22) is applied, running 
in the injector for a predetermined period of time, 
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finely adjusting the position of the adjust pipe (19) 
while checking the actual fuel injection quantity, and 
unmovably fixing the adjust pipe (19) to the fixed 
iron core (15) at such a position that the injector 
injects a desired injection quantity of fuel. 



EP 0 301 381 A1 


. METHOD FOR ADJUSTING FUEL INJECTION QUANTITY OF ELECTROMAGNEHC FUEL INJECTOR 


BACKGROUND OF THE INVENTION 


Field of the Invention 

The present invention relates to an electro- 
magnetic fuel injector for supplying fuel to an inter- 
nal combustion engine, and more particularly to a 
method for adjusting the injection quantity of fuel in 
the producing step thereof. 


Description of the Prior Art 

The conventional electromagnetic fuel injector 
of this type is provided with a needle valve which is 
reciprocally accommodated within a valve body, 
and an electromagnetic actuator for moving the 
needle valve to its open position, as shown in 
Japanese unexamined patent publication No. Sho 
62-17365, for example. 

The electromagnetic actuator includes a mov- 
able core which moves with the needle valve, and 
a fixed iron core around which an electromagnetic 
coil is wound, into this iron core is Inserted an 
adjust pipe in the moving direction of the needle 
valve. This adjust pipe serves as a fuel passage. 
The tip end of the adjust pipe is opposed to the 
movable core through a spring which continuously 
pushes and biases the needle valve in the direction 
of its Closed position. 

Upon the energization of the fixed iron core of 
the electromagnetic actuator, the movable core is 
attracted by the fixed iron core against the biasing 
force of the spring, and the needle valve moves to 
its open position so that fuel passes a nozzle hole 
formed in the valve body and is injected therefrom. 

The injection quantity of fuel is varied in accor- 
dance with the opening and closing speed of the 
needle valve, which depends on the attracting force 
of the electromagnetic actuator and the biasing 
force of the spring. Therefore, conventionally, the 
compression quantity of the spring, that is the 
biasing force thereof is controlled by adjusting the 
position of the adjust pipe with respect to the 
movable core thereby to obtain a desired fuel in- 
jection quantity. 

By caulking an outer peripheral portion of ttie 
fixed iron core after the above described adjust- 
ment, the adjust pipe is unmovabty fixed to the 
fixed iron core ttiereby to set the injection quantity 
of fuel. 


However, the above decribed conventional ad- 
justment has a problem tiiat the biasing force of 
the spring is apt to be undesirably varied during 
caulking of tiie fixed iron core or during running in 

5 the obtained electromagnetic fuel injector by elec- 
trifying tiie electromagnetic actuator and reciprocat- 
ing the needle valve. Namely, the adjust pipe is 
comparatively freely movable in its axial direction 
before caulking. But. tiiis adjust pipe is displaced 

70 due to the shock of caulking to vary the biasing 
.force of ttie spring. This displacement of the adjust 
pipe can be considered to be resulted from that ttie 
outer periphery of the fixed iron core is caulked at 
a time to plastically deform and unequally expand 

;5 ttie fixed iron core in an axial direction of the adjust 
pipe. And during running in, the spring is djeformed 
to its more stable posture to vary the biasing force 
of the spring. This undesirable variation in ttie 
spring biasing force disenables ttie accurate adjust- 

20 ment of the injection quantity, and accordingly ttie 
injection quantity of the injector is frequentiy scat- 
tered from each other. 


25 SUMf^ARY OF THE INVENTION 

It is an object of ttie present invention to pro- 
vide a method of adjusting the fuel injection quan- 
tity of an electromagnetic fuel injector, which en- 
30 ables the accurate adjustment of ttie fuel injection 
quantity and reduces the scattering in injection 
quantity. 

The method of adjustng the fuel injection quan- 
tity of the present inveotion includes the steps of 

35 inserting an adjust pipe into a through hole of a 
fixed iron core by a predetermined length, tem- 
porarily fixing the adjust pipe to the fixed iron core 
so as not to be moved by a force received from a 
spring for continuously biasing a needle valve to its 

40 closed position, when ttie needle valve is operated 
and so as to start moving when a force larger than 
the above described force of the spring, is applied, 
running in the electromagnetic fuel injector with the 
adjust pipe temporarily fixed to the fixed iron core 

45 for a predetermined period of time, finely adjusting 
the position of ttie adjust pipe while checking the 
actual fuel injection quantity, and unmovably fixing 
the adjust pipe to ttie through hole of ttie fixed iron 
core by caulking ttie outer peripheral portion of the 

50 fixed iron core at such a position ttiat the injector 
injects a desired injection quantity of fuel. 

According to ttie present invention, even if the 
biasing force of the spring is varied due to the 
change in posture thereof or the (ike during ttie 
running-in of the injector, the position of the adjust 
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pipe is finely adjusted again after the running-in of 
the injector. Therefore, the change in biasing force 
of the spring can be cancelled before finally fixing 
the adjust pipe. 

Moreover, before the adjust pipe is finally fixed 
to the fixed iron core by caulking, it is temporarily 
fixed to the fixed Iron core. Therefore, the adjust 
pipe is prevented from easily moving, and accord* 
ingly being displaced due to the shock generated 
during caulking. 

Therefore, after the adjust pipe is finally fixed, 
the biasing force of the spring is not changed, and 
the injection quantity of fuel can be adjusted to a 
desired value with accuracy. 


BRIEF EXPLANATION OF THE DRAWINGS 

Figs. 1 through 3 show one embodiment of a 
method according to the present invention; 

Fig. 1 is a sectional view of one embodiment 
of an electromagnetic fuel injector to which a meth- 
od according to the present invention is applied. 

Fig. 2 is a flow chart showing the method of 
this embodiment; and 

Fig. 3 is a characteristic graph showing the 
change in deviation of the actual fuel injection 
quantity from the desired fuel injection quantity 
with the passage of time during the running-in of 
the Injector. 


DETAILED DESCRIPTION OF THE EMBODIMENT 

Hereinafter; the present invention will be ex- 
plained in accordance with one embodiment with 
reference to the drawings. 

At first, the sructure of the electromagnetic fuel 
injector will be explained. 

A valve body 1 is composed of a nozzle body 
2 and a housing 3. And a cover 4 is fit on a tip end 
portion of the nozzle body 2. 

A nozzle hole 5 is formed in the tip end portion 
of the nozzle body 2 so as to open into an intake 
manifold(not shown), and a conical valve seat 6 is 
also formed in the tip end portion so as to continue 
from the nozzle hole 5. Within a guide hole 7 is 
accommodated a needle valve 8 so as to be recip- 
rocated in an axial direction. The needle valve 8 is 
provided with sliding members 9a and 9b which 
slidabiy fit in the inner surface of the guide hole 7 
at spaced two positions. A tip end of the needle 
valve 8 detachable contacts with the valve seat 6. 

The base end portion of the needle valve 8 
penetrates a stopper plate 11 retained between the 
nozzle body 2 and the housing 3. And a flange 
portion 12 is formed around the base end portion 
of the needle valve 8 so as to come in contact with 


a lower surface of the stopper plate 1 1 for limiting 
the lift quantity of the needle valve 8. 

Within the housing 3 is provided an electro- 
magnetic actuator 13 for reciprocating the needle 
5 valve 8. 

The electromagnetic actuator 13 is provided 
witii a movable core 14 connected to the base end 
portion of the needle valve 8. a fixed iron core 15 
provided so as to be spaced from the movable 
10 core 14 in tfie moving direction of the needle valve 
8. and an electromagnetic coil 17 which is wound 
around a bobbin 16 surrounding the fixed Iron core 
15. 

The fixed iron core 15 projects from tfie hous- 

js ing 3 and is supported thereby. The fixed iron core 
15 is provided with a tiirough hole 18 extending in 
Uie moving direction of the needle valve 8. A lower 
end of the through hole 18 opens in a lower end 
surface of the iron core 15, which is opposed to the 

20 movable core 14 while an upper end of tiie through 
hole 18 opens in an upper end surface of tiie iron 
core 15. An adjust pipe 19 is inserted into the 
through hole 18 and is fixed within the fixed iron 
core 15 by caulking the outer peripheral portion of 

25 the iron core 15 at opposed two positions. In the 
outer peripheral surface of tiie adjust pipe 19. 
which is opposed to a caulked portion 20. are 
formed a plurality of grooves 21 for squeezing the 
inner wall of the fixed Iron core 15. which defines 

30 tiie through hole 18, to tiie grooves 21 of the adjust 
pipe by caulking, and preventing the fixed iron core 
15 from moving in the axial direction. 

A lower end of the adjust pipe 19 is opposed to 
the movable core 14. And a coil spring 22 is 

35 interposed between the adjust pipe 19 and the 
movable core 14 for continuously biasing the tip 
end of tile needle valve 8 toward tiie valve seat 6. 

By electrifying the electromagnetic coil 17, the 
fixed iron core 15 is energized and the movable 

40 core 14 is attracted by the fixed iron core 15 
against ttie biasing force of the coil spring 22. This 
results in that the tip end of the needle valve 8 is 
detached from the valve seat 6 so that tiie nozzle 
hole 5 is opened. 

45 By cutting off current to the electromagnetic 
coil 17. tiie iron core 15 is dienergized. and tiie 
movable core 14 is pushed in a direction away 
from tiie fixed iron core 15 by the biasing force of 
the coil spring 22 so tiiat tiie tip end of tiie needle 

so valve 8 is seated on the valve seat 8 to close tiie 
nozzle hole 5. 

The inner space of the adjust pipe 19 serves 
as a fuel passage 23. The upstream end of tiie fuel 
passage 23 is communicated with a fuel feed 

55 pump(not shown) through a fuel filter 24. Fuel from 
the fuel feed pump passes the fuel filter 24, the 
fuel passage 23 of tiie adjust pipe 19. tiie space 
around tiie coil spring 22, tiie space around the 
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movable core 14. the space between the movable 
core 14 and the needle valve 8. and the space 
around the flange portion 12, and then flows Into 
the guide hole 7. The fuel flowing into the guide 
hole 7 passes the space between the sliding por- 
tions 9a, 9b and the inner surface of the guide hole 
7 and flows into the valve seat 6. 

The fuel flowing into the valve seat 6 is in- 
jected into the intake manifold when the needle 
valve 8 Is lifted and the tip end thereof leaves the 
valve seat 6. 

A connector 25 is provided in the outer periph- 
ery of the fixed iron core 15. This connector 25 is 
provided with a pin 26 which is electrically con- 
nected to the electromagnetic coil 17. The pin 26 is 
electrically connected to an electronic control 
circuit(not shown) including a microcomputer. This 
electronic control circuit controls the electrifying 
time to the electromagnetic coil 17. 

Hereinafter, the method for adjusting the injec- 
tion quantity of fuel of the electromagnetic fuel 
injector while producing the injector will be ex- 
plaine*1. 

The coil spring 22 is inserted into the through 
hole 18 of the fixed iron core 15 and is positioned 
in contact with the upper surface of the movable 
core 14. Thereafter, the adjust pipe 19 is pushd in 
the through hole 18 by a predetermined length 
whereby the coil spring 22 is retained by the adjust 
pipe 19 and the movable core 14 in the com- 
pressed state. 

In this state, the injection quantity of fuel is 
temporarily adjusted by moving the position of the 
adjust pipe 19 while the electromagnetic coil 17 is 
electrified.(Step 101) The temporarily adjusted in- 
jection quantity is made slightly larger than the 
desired injection quantity for it is easier to push the 
adjust pipe 1 undenward in Rg. 1 as compared with 
the case wherein the adust pipe 1 is pulled upward, 
in finally adjusting the position of the adjust pipe 
which is temporarily caulked as described later. 

Next, the outer periphery of the fixed iron core 
15 is caulked at radially symmetric positions to 
temporarily fix the adjust pipe 19 to the fixed iron 
core 15(Step 102). 

The temporarily fixed adjust pipe 19 is not 
moved by a force(300 to 900g) which will be re- 
ceived from the coil spring 22 during the running-in 
of the injector, but starts moving in the axial direc- 
tion when a force larger than the above described 
force is applied thereto. In the present embodi- 
ment, the caulking force for temporarily fixing the 
adjust pipe 19 Is set to about 0.5t. which is about 
one fourth of the finally caulking force.fThe fixing 
force of the adjust pipe 19 to the fixed iron core 15 
due to this temporary fixing is about 10kg.) 

This temporary fixing is preferably performed 
at a position B away from the grooves 21 and 


approaching the coil spring 22 by several mm from 
the final caulking position A in view of the presence 
of the grooves 21. 

After temporarily fixing the adjust pipe 19. the 

s electromagnetic actuator 13 is electrified to run in 
the needle valve 8. the coil spring 22 or other 
components for stabilizing the biasing force of the 
coil spring 22(Step 103). 

One example of the change in the deviation of 

10 the actual injection quantity from the desired fuel 
injection quantity with the passage of time while 
the injector is run-in is shown in Fig. 3. As is 
apparent from the drawing, the deviation becomes 
constant and stable after ten minutes of running-in. 

;5 And after the injector is run in. the adjust pipe 
19 is slightly moved by a force of about 15kg so 
that the injection quantity reaches a desired value 
while the actual injection quantity is checked 
whereby the stable deviation is cancelled and the 

20 injection quantity is finally adjusted(Step 104). 

Finally, the outer periphery of the fixed iron 
core 15 is sufficiently caulked(with about 2t. for 
example) at the final caulking position A opposed 
to the grooves 21 to unmovably fix the adjust pipe 

25 19 with respect to the fixed iron core l5(Step 105).- 
(The fixing force of the adjust pipe 19 to the fixed 
iron core 15 due to the final caulking is about 
200kg.) 

In this step, the adjust pipe 19 is prevented 

30 from feing displaced due to the shock of caulking, 
and 'the biasing force of the coil spring 22 is 
prevented from changing since the adjust pipe 19 
is temporarily fixed to the fixed iron core 15. 

As described alx)ve. the injection quantity ad- 

35 justing method of the present invention includes 
the step of temporarily fixing the adjust pipe within 
the fixed iron core, amning-in the injector, finely 
adjusting the position of the adjust pipe for cancel- 
ling the change in needle valve biasing force due 

40 to the running-in of the injector, and finally fixing 
the adjust pipe by finally caulking. 

This adjusting method can prevent the needle 
valve biasing force from changing in the initial 
running of the injector. And this adjusting method 

45 can restrain the adjust pipe from being displaced 
due to cauking force since the adjust pipe is tem- 
porarily fixed before the final fixing thereof. This 
results in that the change in needle valve biasing 
force can be also prevented during caulking. 

50 Therefore, the injection quantity of the elec- 
ti'omagnetic fuel injector can be accurately ad- 
justed to a desired value. 

The present inventors have examined the scat- 
tering in fuel injection quantity of the case including 

55 the above desaibed temporarily fixing step of the 
adjust pipe 19 and the case including no temporar- 
ily fixing step. As a result. 1.7% of scattering in 
injection quantity is obsen/ed in the case including 


4 


EP 0 301 381 A1 
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the temporarily fixing step, which is only about one 
half of the scattering of the case including no 
temporarily fixing step, thai is 3.5%. 

It is desirable to temporarily fix at the position 
approaching the coil spring 22 from the final caulk- 
ing position. Th experimental results show that in 
this case, the displacement of a lower end surface 
of the adjust pipe 19 due to the final caulking is as 
small as 0.7u. and the change in infection quantity 
is small.fThe permissible change in injection quan- 
tity is not more than about 2u of the displacement 
of the lower end surface of the adjust pipe 19.) 
This can be considered to be resulted from that the 
plasticai deformation of the fixed iron core 15 due 
to the final caulking, uniformly expands in an axlaJ 
direction of the adjust pipe 19 upward in Fig. 1. 

In contrast when the final caulking is per- 
formed at the position approaching the coll spring 
22 from the temporarily fixing position, the above 
described displacement of the adjust pipe 19 is as 
large as 20(i, but is nearly constant In this case, if 
the position of the adjust pipe 19 is adjusted after 
due consideration of the above displacement, un- 
scattered injection quantity can be obtained. 

Moreover, the present inventors have examined 
the change in injection quantity of the case where 
the temporary fixing is performed at the same 
position as that of the final fixing position. The test 
result shows that the scattering In injection quantity 
is 2.3%, which is about two third of the case 
including no temporarily fixing step. 

Therefore, even when the temporarily fixing 
position is equal to the final fixing position, the 
resulting scattering In injection quantity can be 
greatly decreased as compared with the case in- 
cluding no temporarily fixing step. Therefore, by 
temporarily fixing the adjust pipe at the final fixhg 
position, the object of the present invention can be 
also achieved. 

The temporarily fixing method of the adjust 
pipe is not limited to caulking. The adjust pipe may 
be temporarily fixed by press fitting the adjust pipe 
into the through hole provided the position of the 
adjust pipe can be adjusted again after being tem- 
porarily fixed, and the adjust pipe can be unmov- 
ably fixed in the temporarily fixed state during 
njnning-in the injector. 

As described above, according to the present - 
invention, the fuel Injection quantity can be ac- 
curately adjustd to a desired value, and the scatter- 
ing in injection quantity can be surely prevented. 


Claims 

1. A method for adjusting the fuel injection 
quantity of an electromagnetic fuel Injector com- 
posed of a needle valve reciprocally accommo- 


dated in a valve body for opening and closing a 
nozzle hofe. and an electromagnetic actuator for 
reciprocally moving said needle valve, said elec- 
tromagnetic actuator havjng a movable core which 

5 moves with said needle valve, and a fixed iron core 
for attracting said movable core to move said nee- 
dle valve to its open position, an adjust pipe being 
provided within a through hole fomied in said fixed 
iron core, and a spring being interposed between a 

10 tip end portion of said adjust pipe and said mov- 
able core for continuously biasing said needle 
valve to Its closed position, comprising the steps 
of: 

inserting said adjust pipe into said through hole of 

IS said fixed iron core by a predetermined length and 
temporarily fixing said adjust pipe to said fixed iron 
core so as not to be moved by a force received 
firom said spring when said needle valve is op- 
erated and so as to start moving when a force 

20 larger than said force of said spring is applied: 

reciprocating said needle valve with said adjust 
pipe temporarily fixed to said fixed iron core for a 
predetemnined period of time for running in said 
electromagnetic fuel injector 

25 finely adjusting tiie position of said adjust pipe 
while checking actual fuel injection quantity; and 
unmovably fixing said adjust pipe to said ttirough 
hole of said fixed iron core by caulking an outer 
peripheral potion of said fixed iron core at such a 

30 position that said injector injects a desired fuel 
injection quantity. 

2. A metiiod for adjusting the fuel injection 
quantity according to claim 1, wherein said tem- 
porarily fixing step is performed by caulking said 

35 outer peripheral portion of said fixed Iron core witii 
a force one fourth of a caulking force applied in 
said unmovably fixing step. 

3. A metiiod for adjusting the fuel injection 
quantity according to claim 1, wherein said tem- 

40 porarily fixing step is performed by press fitting 
said adjust pipe in said tiirough hole. 

4. A method for adjusting tiie fuel injection 
quantity according to claim 2. wherein said tem- 
porarily fixing step is performed at a position of 

45 said outer peripheral portion of said fixed iron core, 
which is different from a caulking position of said 
unmovably fixing step. 

5. A method for adjusting tiie fuel Injection 
quantity according to claim 2, wherein said tem- 

50 porarily fixing step is performed at a position of 
said outer peripheral portion of said fixed iron core, 
which is tiie same as a caulking position of said 
unmovably fixing step. 

55 
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